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Abstract 
There are some indicators to measure the CO2 emissions now. But they ignored the effects of the external influences.   
In this paper, we established an indicator of carbon dioxide emission per square measure, and then analyzed the major 
emitting countries’ CO2 emissions. On this basis, we had a comparative analysis to the countries’ CO2 emissions by 
using the indicator of carbon dioxide emission per square measure and other assessment indicators of measuring CO2 
emissions. We found that when we measure a country ’s CO2 emissions by different indicators, we got different 
results. So we concluded that it is unfair to measure the influences of one country’s CO2 emissions by single indicator 
but by integrated indicators. And integrated indicators can objectively and fairly measure the impacts of CO2 
emissions in different countries. 
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1. Introduction 
There are so me indicators to measure the carbon dioxide emissions  countries as follows, national 
indicator, per capita indicator, per GDP indicator and international trade indicator. Zhang Zhiq iang, QU 
Jiansheng, Zeng Jingjing had assessed these indicators in 2008, they pointed out that the national indicator 
neglects the factor of historical accumulative emissions, per capita indicator and per GDP indicator are not 
conductive to developing countries, and the national trade indicator is difficult  to measure. The authors 
proposed a new indicator of industrialized accumulat ive emission per capita [1]. However, historical 
accumulat ive indicators have limitations. Not on ly the developed countries but also the developing 
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countries are using the achievements of industrializat ion. It is unfair for the contemporary people to 
assume responsibility for the historical issues. Moreover, XIA Yan, WANG Huijuan, CHEN Xikang had 
indicated in 2009 that there had some problems for GDP indicator such as exchange rate changes, price 
changes and industrial restructuring when having dynamic comparison to different countries in d ifferent 
period [2] . The common defect of these indicators is that they have ignored the existence of externalit ies. 
CAO Shutao, CAO Shujiang analyzed the g lobal climate change by using the theory of externalit ies in  
1997. They assessed the ways of controlling the global warming  [3]. The carbon dioxide emissions of one 
country can make impact on the air quality to other countries. There is a negative external influence when 
one country’s CO2 density is higher than the average level of the world. So we can obviously find out that 
whether there is external influence by using CO2 density as an indicator to measure carbon dioxide 
emissions. This paper will introduce a new indicator to measure carbon dioxide emissions from the point 
of the change of carbon dioxide emissions and its external in fluence. On this basis, this paper will make a 
comparison among different countries by using this new indicator and other indicators.  In part 2, we will 
introduce the CO2 emissions per square measure (CDPSM). In part 3, we analyze the results of the CO2 
emissions measured by the indicator of total emission indicator, per GDP indicator, per capita indicator 
and per square measure indicator. We get conclusions and recommendations in part 4. 
2. Carbon dioxide emissions per square measure 
2.1. Model introduction 
The calculation of the CO2 density of one country can be expressed as the formula (1),  
 
2 /d CO V   (1) 
where d is the density of carbon dioxide emissions, CO2 is the total CO2 emissions of one country; 
V is the volume of the aerosphere. 
A country’s aerosphere volume is showed as figure 1, 
 
 
Fig. 1. The volume of aerosphere 
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Supposing that one country’s land is the area of a spherical cap, so the aerosphere volume of the 
country can expressed as formula (2), 
 
3 3 2( ) / 3V S R H R Rª º u  ¬ ¼   (2) 
Where S is the area of this country, R is the radius of the earth, H is the height of the aerosphere.  
So the density of the CO2 emissions can be expressed as formula (3), 
 
2 3 3
2 2 2/ 3 / ( ) / /d CO V R R H R CO S m CO Sª º    u  u¬ ¼  (3) 
Because R and H are all constants, m is constant too. So we get a new indicator as formula (4), 
 
2 /d CO S   (4) 
So we can use 2 /CO S  as an indicator to measure countries ’ CO2 emission. This indicator can be 
defined as carbon dioxide emissions per square measure (CDPSM). The carbon sink of forest is a main  
way to ease the pressure of carbon dioxide emissions. Considering the role of forest in carbon sink, we get 
formula (5), 
 
sin
2 2 2 2/ ( ) / ( ) /n k storaged CO S CO CO S CO V SE ED      (5) 
Where 2
nCO  is the net emission of one country, E is the ratio of CO2 absorbed by forest in the 
terrestrial ecosystems, sin2
kCO is the quantity of CO2  absorbed by forest, S  is the area of a country, D is absorption intensity of the forest, storageV  is the forest growing stock.  
2.2. Empirical analysis 
Table 1. CO2 emissions per square measure.  
Year 2000 2001 2002 2003 2004 2005 2006  2007 
World  (t/sq.km) 0.048 0.050 0.050 0.052 0.055 0.057 0.059 0.060 
China  (t/sq.km) 0.354 0.363 0.385 0.453 0.530 0.584 0.636 0.681 
U.S.     (t /sq.km) 0.596 0.584 0.591 0.590 0.601 0.606 0.597 0.605 
India    (t /sq.km) 0.361 0.366 0.373 0.390 0.409 0.429 0.457 0.490 
Russian  (t/sq.km) 0.084 0.084 0.084 0.087 0.088 0.089 0.091 0.090 
Japan     (t /sq.km) 3.251 3.232 3.272 3.329 3.343 3.285 3.268 3.317 
Germany(t/sq.km) 2.328 2.394 2.325 2.338 2.318 2.265 2.272 2.205 
Canada  (t/sq.km) 0.054 0.053 0.052 0.056 0.055 0.056 0.055 0.056 
UK        (t /sq.km) 2.233 2.266 2.182 2.226 2.237 2.230 2.272 2.213 
Korea     (t /sq.km) 4.429 4.501 4.755 4.758 4.916 4.640 4.716 5.043 
Iran        (t /sq.km) 0.194 0.204 0.215 0.229 0.242 0.244 0.276 0.284 
 
This paper selects ten countries ’ data from 2000 to 2007. These countries are China, America, India, 
Russian, England, Japan, the Republic of Korea, Iran and Canada. The data is got from World  
Development Indicators online. There CO2 is energy related carbon dioxide emissions, the land area is a 
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country’s total area, including areas under in land bodies of water and some coastal waterways . According 
to the forum (4), we compute the carbon dioxide emissions per square measure ( d ) of the ten countries 
from 2000 to 2007. In the table 1, Y is year, d is carbon dioxide emissions per square measure, R is 
country. As is shown in the table 1, the CDPSM of the world has risen from 2000 to 2007 by 25% . A ll of 
the countries listed in the table cause negative external influence to the world.  Japan, Germany and the 
UK cause large negative influence, because these countries are developed countries, they are relatively  
large in  economic entit ies but small in  land area. However, they are in  a stable state in g rowth speed. The 
most CDPSM countries are Korea, Japan, Germany and the UK; Korea, China and India are top three 
countries in growth speed. 
3. Comparison of different countries’ CO2 emissions 
We analyzed the CO2 emissions in different countries by using the indicators of total emissions, per 
GDP emissions, per capita emissions and CDPSM. And the results are shown in  figure 2 to figure 5. The 
analysis of the results will be given in 3.2 to 3.3. 
 
3.1. The results of countries’ CO2 emissions analysis by different indicators 
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Fig. 2. The total CO2 emissions of the countries.   Fig. 3. The CO2 emissions per GDP of the countries. 
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Fig. 4. The CO2 emissions per capita of the countries.    Fig. 5. The CO2 emissions per square measure. 
3.2. The analysis of the results  
The figure 2 gives the top 10 countries in CO2 emissions. From figure 2, we get that China and the U.S. 
are the most two countries in carbon dioxide emissions in the world, followed by the countries of India, 
Russian, Japan, Germany, Canada, the UK, Korea and Iran. The carbon dioxide emission of the U.S. 
changes little from 2000 to 2007. The carbon dioxide emission of China has a rapidly growth since 2002 
and finally exceed that of the U.S.  China is now the most energy related carbon dioxide emission country 
in the world. We can see from the figure 3 that China and Russian are the most two countries in carbon 
dioxide emissions per GDP in  the world. The carbon dioxide emission per GDP in  Russian shows a 
steady decline trend. However, carbon dioxide emission per GDP in China has a rapid growth and greater 
volatility. The carbon dioxide emission per GDP of China exceeds Russian in 2003, and finally become 
the largest country in CO2 emission per GDP. The CO2 emissions per GDP of other countries remain 
relatively stable state. From the perspective of per capita emissions of these countries, all the countries are 
in steady state in growth. The U.S. and Canada are the largest two countries in CO2 emission per capita . 
China’s per cap ita emission has a continued growth and finally exceeds the Korea’s in 2004. All the 
countries CDPSM are higher than the world’s average level except Canada. Korea, Japan, Germany and 
the UK cause the most serious negative external influences. These four countries are developed countries 
and small in land area which is the reason of the result. According to the development of economic and 
the size of the land area, we take them as a group, and China, the U.S. and Russian as another group, then 
analyze the influence of each country’s CDPSM in its group. The CDPSM of China and the U.S. are 
higher than that of Russian. The CDPSM of Russian has a slightly lower growth. The CDPSM of China 
and the U.S. are almost in the same level. However, the growth speed of China is higher than the United 
States. The CDPSM of China is lower than that of the United States from the year 2000 to 2005, and then 
exceeds the United States by the year 2006. The growth speed of CDPSM in China is almost highest in 
these countries. 
4. Conclusions and recommendations  
We get conclusions from this paper as follows. From the point of the CDPSM analysis, the ten 
countries cause negative external influences in varying degrees. The developed countries of Korea, Japan, 
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Germany and the UK cause the most serious influence. The results obtained from the analysis by using 
each indicator are distinct. China and the United States are the two largest countries in total carbon 
dioxide emissions. The highest countries in carbon dioxide emissions per GDP are China and Russian. 
The United States and Canada are the top two countries in carbon dioxide emissions per capita. Korea, 
Japan, Germany and the UK are the top four countries in CDPSM. China is one of the most rapid growing 
countries both in total CO2 emissions and CDPSM. Although the CO2 emission of the United States is 
negative in growth, its influence is far greater than the other countries except China. 
We give recommendations to this issue. First of all, carbon emission influence has become a problem 
of survival and development of all of the mankind. For th is reason, controlling carbon dioxide emissions 
should not be competition means in economic and polit ical among countries. Reduction the impact of 
CO2 emissions to the environment is not only the responsibilities of some countries, but all the countries 
should do the best to this business especially  the developed countries. Secondly, scientific indicators 
system to measure carbon emissions  should be established to objectively and fairly measure the impacts 
of CO2 emissions in different countries. Moreover, it is the most important thing to give respect to the 
rights of self-development of every country in the process of controlling and reducing CO2 emissions. 
China and the United States are the two most serious CO2 emission countries. So they should do their best 
to control and reduce the CO2 emission. 
5. The defects in this paper 
In the model of carbon dioxide emissions, we add the impact of the carbon sinks. However, this is not 
the detailed data for the carbon sink of the countries. In  this paper, we take energy related CO2 emissions 
instead of the net CO2 emissions. So there exists deviation in the results. Because of the argument in the 
area of the territorial sea, the areas of the countries are not accurately calculated. The indicator of CDPSM 
should be further improved and verified. 
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